The aims of the present study were (i) to explore autobiographical memory and episodic future thought in multiple sclerosis (MS), using Levine's Autobiographical Interview; (ii) to investigate the influence of the Interview's high retrieval support condition (the specific probe phase) on MS patients' past and future simulations and (iii) to obtain the patients' estimations of their own difficulties, during the test, and in everyday life. To that end, we examined 39 non-depressed relapsing-remitting MS patients and 34 healthy subjects matched for gender, age and education level. The 73 participants underwent an adapted version of the Autobiographical Interview in two conditions: remembering and imagining personal events. The group of patients also underwent an extended neuropsychological baseline, including particularly, anterograde memory and executive functions. The results showed that the MS patients' scores on the baseline were mildly or not impaired. On the contrary, the Autobiographical Interview measure, i.e., the mean number of internal details, for each of the two phases of the test -free recall and specific probe -was significantly lower in simulated past and future events in comparison with the healthy controls. Within each group, autobiographical memory performance was superior to episodic future thought performance. A strong positive correlation was observed between past and future mental simulation scores in both groups.
Introduction
The occurrence of cognitive impairment in multiple sclerosis (MS) has been established for the past 20 years [10, 38] , covering a wide range of cognitive functions such as anterograde memory, executive functions, attentional processes, and information processing speed, among others [44] .
More recently, the investigation of autobiographical memory (AM) in MS patients has attracted some attention. Briefly stated, AM is the capacity of reliving detailed events, within their specific spatio-temporal context, as they are remembered [58] . An overview of AM studies in MS [20, 21, 25, 35, 37] shows some conflicting results, which seem to rely mainly on some methodological discrepancies, particularly, the sensitivity of the test used to assess AM in MS. The call for a stringent AM test is also motivated by the fact that notwithstanding the variability of AM test performance, MS patients' complaints are frequent. These clinical observations together with neuroanatomical and conceptual considerations (see below), led to the suggestion that AM impairment in MS patients is likely caused by a deficit of retrieval strategies rather than a loss of personal recollections [20, 21] . The deficit would be then attributed to dysfunctional prefrontal regions ( [7, 8, 30] ).
From a neuroanatomical standpoint, MS patients' difficulties in remembering past events are coherent with both Recent neuroimaging and clinical studies have examined the ability to mentally simulate hypothetical scenarios from not only past recollections but also those that may potentially occur in the future, i.e., the relationships between remembering the past and imagining the future. Imagining future personal events or episodic future thought (EFT; [55] ; see [45] for a review), is the ability to mentally pre-experience a personal event that may happen in the future. The relation between AM and EFT, sometimes referred to as "mental time travel" [50, 51] , has been extensively studied in the healthy subject (e.g. [1, 8, 54] ), revealing a common cerebral network assumed to reflect the engagement of similar cognitive processes. Indeed, AM and EFT involve not only the selfreferential processes, but also the retrieval and binding of details into a coherent event representation, which include conceptual and sensory information, with a strong reliance on visual imagery processes [1] .
Subsequently, in clinical studies, it was surmised that EFT would also be deficient whenever AM impairment had been observed. Investigations carried out in several clinical conditions such as Alzheimer disease (e.g. [3] ), amnesic mild cognitive impairment (e.g. [22] ), schizophrenia (e.g. [15] ), depression (e.g. [62] ), or medial temporal lobe amnesia (e.g. [24, 39] ) confirmed the co-occurrence of deficit in the simulation of past and future personal events.
To our knowledge, EFT has never before been explored in MS patients despite the characteristic onset of the illness occurring during young adulthood and despite the clinical value of the central role of mental time travel in everyday life. Indeed, AM contributes to the construction and the continuity of the personal identity, plays at least two social roles, the development of new relationships and the nurturing of existing ones, and involves also a directive function, where the past serves as a basis for guiding present and future behaviours [9, 40] , With regard to EFT, three main functional benefits have also been described [55] comprising a role in (i) coping skills for stressful events, with an implication in emotion regulation and problem solving; (ii) goal achievement, for which the act of imagining various scenarios helps to reach the desired goal; and finally, (iii) the implementation of intentions, for which a higher likelihood of completing an action is observed when there is an intention to implement this action. Furthermore, D'Argembeau, Lardi & Van der Linden [17] suggested that EFT, similarly to AM and, particularly, self-defining EFTs contribute to a person's sense of self and, together with self defining AMs, give rise to a strong sense of personal continuity over time.
Based on both the abovementioned works on the interdependence between AM and EFT in terms of common cognitive processes, and previous reports on AM in MS patients, the aims of the present study were (i) to explore autobiographical memory and episodic future thought in non-depressed relapsing-remitting MS patients, (ii) to investigate the influence of a high retrieval support condition on MS patients' past and future simulations, and (iii) to obtain the patients' reports about their difficulties during the test, and in everyday life. To that end, we probed the ability of MS patients to generate future episodic events, as well as to remember recent past events and remote past events from across lifespan. The rationale for exploring remote past events relied on the importance of having a comprehensive view of MS patients' AM performance. Effectively, taking into account the suggestion of an AM retrieval-deficit hypothesis in MS patients, exploring only recent past events, which are generally more accessible memories, could result in an underestimation of the AM impairment. A similar pattern of impairment was expected between future events and both time intervals, and recent and remote past events in MS patients. Complementarily, a correlation between AM and EFT scores in our patients was also expected.
As the AM test sensitivity is a main concern in the exploration of AM functioning, we carried out the research with the Autobiographical Interview (AI; kindly communicated by Brian Levine to one of us, LM), based on its sensitivity to detect AM and EFT deficits in different clinical populations (e.g. [3, 19, 22] ). Moreover, as the AI includes both a free recall and a high retrieval support condition (i.e. the specific probe phase), a further aim was to investigate the influence of this last condition on AM and EFT performance in MS patients. Finally, we also aimed at obtaining the patients' self-reports on their difficulties during the mental simulation testing, and also more generally in their everyday life.
Methods

Participants
Thirty-nine patients with definite MS according to the McDonald criteria [31 ] were recruited at the Neurology Units of two French hospitals (Strasbourg and Colmar). Inclusion criteria were as follows: RR-MS disease course, Expanded Disability Status Scale (EDSS; [27] ) score ≤5, absence of major signs of depression according to the Montgomery and Asberg Depression Rating Scale (MADRS; [33] : significant clinical threshold score ≥ 15), and no recent exacerbation of MS symptoms.
Thirty-four healthy controls matched for gender, age and education level were also recruited. Exclusion criteria for all the participants included documented psychiatric illness, neurological disorder (other than MS for the patient group) and poor knowledge of French. Demographic and clinical data are summarised in Table 1 . The present study was approved by the 'Committee for Protection of Persons' (CPP/CNRS No. 07023) and we complied with the APA ethical standards.
Neuropsychological baseline examination
The patients completed a comprehensive baseline examination in order to verify their cognitive status allowing us to control any potential confounding variables on the AM and EFT performance. It comprised the following functions, general verbal abilities, tested with the Verbal IQ, short form [4] of the WAIS-111 [61] , and nonverbal reasoning assessed using the Advanced Progressive Matrices Set 1 [41] . Anterograde memory was examined with the Rey Auditory Verbal Learning Test (RAVLT; [42] ), and the Rey-Osterrieth Complex Figure ( ROCF; [36, 43] ). The executive functions were probed by means of the National Hospital, London's phonological and categorical fluency tests, the Brixton Spatial Anticipation Test [11] , the Tower of London Test [46, 48] , and the Cognitive Estimation Task [47] . The attentional abilities and information processing were assessed using the Information Processing Speed Test from the Adult Memory Information Processing Battery (AM1PB; [13] ), the Stroop Test [49] , and the Months Backwards Test (National Hospital, London). Language was tested with the Deno 100 test [26] , and the visuo-perceptual and visuo-spatial abilities with the Silhouettes and Cube Analysis Sub-Tests from the Visual Object and Space Perception Battery (VOSP; [60] ). Additionally, the effects of fatigue in everyday life were assessed using the "Echelle de Mesure de l'Impact de la Fatigue", (EM1F-SEP; [18] ).
Finally, in the interest of obtaining qualitative information about MS patients' perception of potential AM/EFT difficulties during the assessment, and also in everyday life, we proposed a semi-structured interview (described in [20] ) at the end of the AI session.
Assessment of mental simulation of past and future events
The assessment of AM and EFT was based on the AI described in Levine et al. [28] . The AI general instructions for both AM and EFT conditions were as follows: to retrieve/imagine personal unique events, temporally and contextually specific, occurring over minutes to hours and to generate freely as many details as possible about the event. We used the adapted version of the AI [2, 3] , introducing cue-words for AM (e.g. car, restaurant) and EFT (e.g. family, park), which allowed us to carry out comparable examinations for both temporal directions. Additionally, based on previous studies [5, 21, 29] , we modified the number of events to be retrieved from one (in the standard version) to three past events per life period explored [i.e. four or five life periods, depending on the subject's age; 0-11 years, 12-20 years, 21 to (current age -1) or 21-35 years, 36 to (current age -1) and the previous year]. The aim of testing a greater number of past recollections was to assess more comprehensively the retrieval process and to avoid the likelihood of the patients providing only the most accessible detailed recollections [5, 29] . With regard to the EFT testing, following Addis et al. [3] , we instructed the participants to generate five events, which could plausibly occur during the coming weeks or months or any interval during the next year. These instructions attempted to minimise any potential conscious avoidance of EFT in the patients due to the uncertainty surrounding disease progression.
The order of presentation between AM and EFT tasks was counterbalanced as were the order of the cue-words and the past life periods. To encourage mental simulation of past and future personal events, participants were informed that the cue-words were intended to be used flexibly (e.g. the cue-word "train" could result in a personal recollection of a journey by any other means of transport). No time limit was set to avoid the potential influence of decreased cognitive processing speed on AM/EFT performance for MS patients.
General probes (e.g. 'is there anything else you can tell me?') were used to clarify instructions if necessary and to encourage evocation of supplementary details. It was followed by the specific probe phase, which is a structured interview to elicit additional details that were not spontaneously recalled. Specific probe questions are organised into different categories (time: e.g. year, month; place: building; sensory information: sounds, event duration; emotion: feeling).
The AI session was audio-recorded for later transcription and scoring following the standardised Levine et al. [28] procedure. Two phases of recall were analysed, the free recall and the specific probe phases. However, for the subsequent statistical analyses, the specific probe phase scores were analysed cumulatively with the free recall phase scores.
After the identification of the central event, details were classified as internal details (i.e., an episodic detail related to the central event) or external (i.e., non-episodic information such as semantic details, metacognitive statements, repetitions or else episodic details unrelated to the central event). For each participant, the number of internal details was averaged across the 12 or 15 past events for the AM, or the three past events for the previous year, and across the five future events for the EFT conditions for each recall phase. Since Ernst et al. [20] highlighted an impairment of the episodic component of AM, whereas the personal semantics was preserved, only the mean number of internal details was considered for the following statistical analyses.
The interrater reliability was verified for 10% of the past and future events, which were scored by a second scorer, following Levine et al.'s [28] procedure. Coefficients for all measures showed high interrater reliability (between 0.82 and 0.99).
Statistical analyses
Mean scores obtained by the MS patients for each neuropsychological baseline test were calculated.
Differences between the MS patients and healthy controls in AM/EFT were analysed for the mean number of internal details by running mixed ANOVAs to explore main effects of group (MS vs. healthy controls), temporal direction (past vs. future) and recall phase (free vs. specific probe phases), as well as relevant interactions. This analysis was conducted for the remote past events for the AM condition (i.e. all the life periods, with the exclusion of the previous year) vs. the EFT condition. Then, a similar complementary analysis including only the previous year for the AM condition vs. the EFT condition was also conducted by means of a mixed ANOVA to obtain a comparison of the performance (mean number of internal details) with a matched temporal interval.
Pearson coefficient correlations between AM (remote and recent memories) and EFT performance within the two groups were calculated for the mean number of internal details across the two phases of recall. 
Results
The patients' neuropsychological baseline scores were in the normal range (i.e. threshold: either z-score -1.65 or the 5th percentile, depending on the normative data of each test, of which the source is indicated for each test below Table 2 ) for all cognitive functions, with two exceptions, planning abilities and cognitive estimations (see Table 2 ).
Remote past events vs. future events
Regarding the mean number of internal details (Fig. 1) , mixed ANOVA revealed a main effect of group F(1, 142) = 42.07, p < 0.001, η 2 P = 0.23, which reflected that, irrespective of the temporal direction or the recall phase, MS patients' scores were significantly lower than those of the healthy controls. A main effect of the temporal direction was also highlighted F(1, 142) = 16.15, p< 0.001, η 2 P = 0.11, showing that the mean number of internal details provided in the AM condition was higher than for the EFT condition, whatever the group or the recall phase. No significant Group x Temporal direction interaction was evident (p = 0.66).
The main effect of the recall phase was also observed, F(1, 142) = 897.74, p < 0.001, η 2 P = 0.86, with a greater number of internal details provided during the specific probe than during the free recall phase. The specific probe phase enabled a greater increase of the mean number of internal details for the healthy controls (vs. the MS patients; p < 0.001), irrespective of the temporal direction, as revealed by the significant Recall Phase x Group interaction, F(1, 142) = 6.31, p = 0.01, η 2 P = 0.04. Moreover, a differential effect of the specific probe phase on AM and EFT was displayed, with a significant Recall Phase x Temporal direction interaction F(1, 142) = 4.69, p = 0.03, η 2 P = 0.03, showing a lower increase of the mean number of internal details during the specific probe phase for the EFT condition (p < 0.001). No significant 3-way interaction was obtained. [18] ; and **scores under the normal range.
Fig. 1. Mean number of internal details produced by the MS patients and the healthy controls for the remote past events of the AM condition and the EFT conditions during the free recall (FR) and the specific probe (SP) phases.
Fig. 2. Comparison of the mean number of internal details produced by the MS patients and the healthy controls for the recent past events of the AM condition and the next year (EFT condition) during the free recall (FR) and the specific probe (SP) phases.
Recent past events vs. future events
Considering only the previous year (AM condition) and the EFT condition, analyses for the mean number of internal details showed the main effect of group, F(1, 142) = 29.62, p < 0.001, η 2 P = 0.17, with lower scores for the MS patients in both conditions (Fig. 2) . A main effect of temporal direction was replicated, with AM scores superior than EFT scores, F(1,142) = 65.99, p< 0.001, η 2 P= 0.32, in both group. No significant Group x Temporal direction was observed (p = 0.65).
Irrespective of the group and the temporal direction, the mean number of internal details provided by the subjects after the specific probe phase was significantly higher than those of the free recall phase, as evidenced by the main effect of the recall phase, F(1, 142) = 773.54, p < 0.001, η 
Correlations between AM and EFT performance
Finally, the correlations between the AM and EFT scores within each group were carried out. For the MS patients, the mean number of internal details provided for the remote past events of the AM condition correlated positively with the EFT results during the free recall (r = 0.49, p = 0.002) and the specific probe phases (r = 0.58, p < 0.001). Comparable results were observed when the correlation analyses were run between the recent past events and the next year for the mean number of internal details (r = 0.54, p < 0.001) during the free recall phase, as well as during the specific probe phase (mean number of internal details: r = 0.41, p = 0.01).
The same pattern of results was obtained for the healthy controls for the free recall (mean number of internal details: r = 0.74, p < 0.001) and the specific probe phases (mean number of internal details: r = 0.70, p < 0.001) when taking into account the remote past events and the future events. Regarding the relationship between EFT and the recent past events of the AM condition performance, strong correlations were obtained during both the free recall phase for the mean number of internal details (r = 0.75, p < 0.001) and the specific probe phase (r = 0.75, p < 0.001).
Qualitative self-assessment of AM and EFT performance
With regard to the semi-structured interview, the qualitative results gathered in the form of patients' comments (see Appendix A for extracts from patients' interviews), corroborated the aforementioned quantitative results. Generally, MS patients verbalised difficulties for the retrieval/imagination of a specific event, and also an impoverishment of details, conducting to low vividness and emotional intensity throughout the evocation of an event during the testing session, and also in some real life situations. Additionally, most of our patients' comments also stated that the EFT task was experienced as being harder than the AM task.
Discussion
We have documented the mental simulation of past and future personal events in non-depressed RR-MS patients. The results showed a mildly impaired neuropsychological baseline performance together with significantly poorer scores, compared with controls, in the mental simulation of past and future personal events. These findings are in accord with our previous work [20] on AM in MS, using the Crovitz Test in a relatively small sample. The present results support the notion that AM and EFT, in the light of the relatively well preserved neuropsychological baseline, could be particularly sensitive to MS neuropathology. Our results might modify the often absent assessment of AM and EFT in clinical routine, since they suggest new insights into how MS patients' everyday life is affected by impaired mental time travel capacity (see below).
Turning to the AM and EFT performance, compared with healthy subjects, the patients generated significantly fewer episodic details in both remembering past events and imagining future episodes, with a comparable degree of impairment for both temporal directions. Moreover, for both remote and recent past events, our group of MS patients showed lower scores than healthy controls, replicating our previous findings of AM impairment in MS patients covering all the life periods [20] . Additionally, in every case, taking into account remote or recent past events, lower scores were observed for the simulation of future events.
This AM/EFT deficit was observed for the two retrieval conditions (i.e. free recall and specific probe phases). Although a high retrieval support with specific cues led the patient group to a relative performance improvement, it turned out to be insufficient since the scores remained under the healthy controls' results. In other words, it seemed that the healthy controls benefited to a greater extend of the specific cueing than the MS patients, irrespective of the temporal direction of the mental simulation. However, the greater benefit of the specific cueing for healthy controls was observed only when all the AM life periods were taken into account (it disappeared in the one year past/future condition). This finding suggests that a high retrieval support could be particularly effective for MS patients for the more recent past events, which are also, in general, more easily detailed [14] . Differential results between the two recall phases on AM scores, showing an improvement after the specific cueing, have been described in different clinical populations, especially patients presenting with prefrontal cortex lesions, in a context of retrieval strategy impairment, relying mostly on the prefrontal regions [28, 32, 52] . In contrast, in the context of amnesic patients presenting with medial temporal lobe or diencephalic damage, the effect from a higher retrieval support is inefficient or modest, at best [28, 34] .
The smaller number of details produced during the EFT condition compared with the AM condition was observed in both groups. This result is in accord with previous investigations, showing that past events are more detailed than future events in healthy subjects [2, 14] , and also in patients presenting with an AM/EFT impairment (e.g. [3] ). Addis and her colleagues interpreted their findings in terms of a more important cognitive demand in pre-experiencing an event compared with remembering an event. The increased cognitive demand would tax above all executive functions because EFT requires the extraction and recombination of an infinite assortment of details into a novel event, whereas AM consists in the recapitulation of a more limited pool of details [6] . This notion is in accord with De Vito et al.'s [19] study, showing impaired EFT performance with preserved AM scores in Parkinson disease patients, who present with a characteristic dysexecutive syndrome. De Vito et al.'s aim was to assess EFT performance in patients, who, besides their dysexecutive condition, were nonamnesic and therefore, different from our autobiographical amnesic MS patients. Despite this difference both studies have documented impaired EFT, which suggests the particularly vulnerable quality of the ability to simulate personal future events.
The effect of specific cueing on the simulation of future events was lower compared with cueing either recent or remote past events, in both groups. This finding could reflect the fact that the specific cueing is more effective when the number of possibilities is limited. For example, when imagining a future dinner with friends, the issue about the menu would give rise to countless possibilities. On the contrary, when remembering a dinner with friends, virtually any remembered detail as a response to the specific probe (e.g. X tasted for the first time sushi; we were with N, who loves pasta) may restrict the possibilities of the menu.
Taken together, the two mentioned findings, i.e., the benefit of a high retrieval support during the AI specific probe phase on the mental simulation tasks, and the poorer performance for EFT relative to AM condition could be seen as an additional argument for the retrieval deficit hypothesis in MS patients.
Despite the results being coherent with the non-MS literature (e.g., [59] , the investigation of EFT in MS patients raises an important issue owing to the clinical presentation of the disease, and especially for RR-MS patients. Namely, because of the uncertainty surrounding MS evolution, one could argue that the EFT deficit, found in the present study, could reflect psychological factors such as a conscious decision of the patient not to engage in future projects despite the absence of depressive symptoms. However, the positive correlation observed between AM and EFT deficit in the patient group suggests that the EFT performance reflected a cognitive deficit. We are aware that a psychological influence cannot be ruled out, but practically all the patients reported cognitive difficulties, particularly so in relation to the EFT. We observed no examples of psychological inhibition or conscious avoidance of EFT during the semi-structured interview, which was probably due to the relatively short interval in which the patients were asked to mentally simulate potential scenarios (see Appendix A).
Bearing in mind the essential role of AM and EFT in everyday life [16, 40, 55] , the present findings suggest some clinical issues. In the first place, besides our MS patients' occasional complaints, the semi-structured interview showed that they were well (and accurately) aware of their difficulties and able to verbally articulate them to convey a clear message. Given the fact that the quantitative results endorsed the qualitative assessment, and that the patients alluded to real life not infrequently, it could be useful to introduce the same type of questions at the end of the AI and similar tests, in routine clinical practise. Moreover, in previous studies [20, 21] , a cognitive facilitation programme has been proposed to improve AM in MS patients, which resulted in normalised AM performance, and whose benefits were efficiently transferred to daily-life functioning. Whether those positive AM results would be also observed in the EFT mental simulation is again an issue of clinical interest. Indeed, bearing in mind the role of EFT in coping for stressful events and goal achievement, improving the EFT ability could be particularly useful vis-a-vis some particular requirements in the course of the disease.
To conclude, the present findings showed that RR-MS patients had cognitive difficulties in the mental simulation of past and future personal events similar to other clinical conditions, and a cognitive profile suggesting that in MS, these difficulties can be more taxed than several other cognitive functions that were also explored. They showed too that qualitative evaluation of AM/EFT difficulties has clinical value.
Our results encourage further investigation, namely, trying to understand how simulated future events that are known to be important in real life are modulated by the course of the disease. Any research along these lines would be closely related to current investigations centred in understanding why simulated future events are important in real life [56] . On a more matter-of-fact level, this study also encourages the replication of the results with a larger sample of MS patients and the introduction of functional neuroimaging data. In relation to the latter, one remaining question concerns the possibility of a compensation mechanism attempt during an EFT task (although insufficient to result in normal performance), as previously observed for AM performance in MS patients [21] . If that were the case, a potentially interesting investigation would be to explore the similarities and differences between AM and EFT in the setting up of cerebral compensation mechanisms.
